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(54) Method and apparatus for Intracardialiy surveying a condition of a chamber of a heart 



(57) A method for intracardialiy surveying a condi- 
tion such as an electrical property of a chamber of a 
heart with a catheter (21) having a distal tip (22) and a 
condition sensor (23) contained therein. The method 
comprises the steps of acquiring a first image of the 
chamber containing topographical information, advanc- 
ing the distal tip (22) of the catheter (21 ) into the cham- 
ber, acquiring a second image comprising a represen- 
tation of the catheter distal tip in the chamber, displaying 
a superposition of topographical information acquired in 



the first image with the second image to generate a dis- 
played superimposed image, acquiring condition infor- 
mation at a point on the chamber displayed on the su- 
perimposed image on or near the topographical infor- 
mation, and acquiring condition information at one or 
more additional points sufficient in number and spacing 
to permit the generation of a survey map of the condition 
in the chamber. The method preferably further compris- 
es marking the display of the superimposed image to 
identify the points on the chamber at which the condition 
information was acquired. 
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Description 

FIELD OF THE INVENTION 

5 [0001] The invention relates generally to methods and apparatus for surveying a condition of an organ of a subject, 
and particularly to methods and apparatus for surveying the electrical activity of one or more chambers of the heart. 

BACKGROUND OF THE INVENTION 

10 [0002] Cardiac arrhythmias, the most common of which is ventricular tachycardia (VT), are a leading cause of death. 
In a majority of patients, VT originates from a 1 mm to 2 mm lesion located close to the inner surface of the heart 
chamber. One of the treatments for VT comprises mapping the electrical pathways of the heart to locate the lesion 
followed by ablation of the active site. 

[0003] U.S. patent 5,546,951 and PCT application W096/05768 which are incorporated herein in their entirety by 
15 reference, disclose methods for sensing an electrical property of the heart tissue, for example, local activation time, 
as a function of the precise location within the heart. The data are acquired with one or more catheters that are advanced 
into the heart, the catheters having electrical and location sensors in their distal tips. Methods of creating a map of the 
electrical activity of the heart based on these data are disclosed in EP-A-0974936 and commonly owned European 
patent application No. 00306218.9 filed on 21st July 2000, which are also incorporated herein in their entirety by ref- 
20 erence. 

As indicated in these applications, location and electrical activity is preferably initially measured on about 10 to about 
20 points on the interior surface of the heart. These data points are then generally sufficient to generate a preliminary 
reconstruction or map of the cardiac surface to a satisfactory quality. The preliminary map may be combined with data 
taken at additional points in order to generate a more comprehensive map of the heart's electrical activity. The detailed 

25 map so obtained may then serve as the basis for deciding on a therapeutic course of action, for example, tissue ablation, 
to alter the propagation of the heart's electrical activity and to restore normal heart rhythm. 
[0004] Catheters containing position sensors may be used to determine the trajectory of points on the cardiac surface. 
These trajectories may be used to infer the motion characteristics such as the contractility of the tissue. As disclosed 
in U.S. patent 5,738,096, incorporated herein in its entirety by reference, maps depicting such motion characteristics 

30 may be constructed when the trajectory information is sampled at a sufficient number of points in the heart. A high 
quality preliminary map of motion characteristics is dependent on acquiring a sufficient number of points representa- 
tively spaced about the heart chamber volume. 

[0005] In constructing these preliminary maps, it is desirable that the data are sampled at points sufficiently spaced 
to outline the entire volume of the chamber under study. If the preliminary map adequately outlines the heart volume, 

35 acquisition of additional points will generally enable the detailed reconstruction to permit accurate diagnosis and treat- 
ment. Occasionally however, incomplete sampling, as, for example, by localizing the sample points to only a portion 
of the heart volume, will result in the generation of an incomplete map. Further sampling may lead to a more detailed 
map of the partial cardiac volume, but this may be inadequate for proper diagnosis and treatment. 
[0006] In creating maps of the heart using the above-referenced systems, the initial data points for the preliminary 

40 reconstruction are generally acquired under the guidance of an imaging modality such as fluoroscopy that permits the 
cardiologist to observe the placement of the catheter tip within the heart chamber. Once the preliminary map is gen- 
erated, subsequent points may then be acquired under the guidance of the preliminary map and a location system 
based on, for example, electromagnetic or acoustic sensors. Unfortunately, unassisted fluoroscopy provides relatively 
poor visualization of topographical features within the heart. While contrast-assisted fluoroscopy, in which a contrast 

45 agent is injected into the heart chamber under examination, significantly improves the observation of topography, the 
contrast agent obscures the observation of the catheter tip. Thus, fluoroscopy is insufficient to properly guide the 
cardiologist to the points on the interior of the heart necessary for the generation of a preliminary map of the electrical 
activity that roughly encompasses the complete heart volume. The potentially harmful effects of ionizing radiation to 
the patient also limit the amount of data that can be collected under fluoroscopy. 

50 [0007] Electrical activity at a point in the heart is typically measured by advancing a catheter containing an electrical 
sensor at or near its distal tip to that point in the heart, firmly contacting the tissue with the sensor and acquiring data 
at that point. Alternatively, electrical activity may be measured with catheters containing multiple electrodes. 
[0008] It is generally important to maintain good electrical contact between the electrodes and the tissue in order to 
obtain a reliable and stable electrical reading. Fluoroscopy produces images that are lacking in topographical detail. 

55 Accordingly, in taking measurements under the guidance of this imaging modality, the catheter tip may not actually be 
in effective contact with the tissue. Alternatively, it may be possible to bruise the intracardial tissue by excessive pres- 
sure of the catheter tip against the tissue while making such measurements. 
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SUMMARY OF THE INVENTION 

[0009] The present invention is directed to a method for intracardiac surveying a condition of a chamber of a heart 
of a subject. The method of the invention is accomplished by use of a catheter having a distal tip with a condition sensor 
5 contained therein or proximate thereto. The condition sensor is capable of sensing condition information of the heart 
. chamber. The method of the invention comprises the steps of: 

a) acquiring a first image of the chamber which contains topographical information of the chamber; 

b) advancing the catheter distal tip into the chamber; 

io c) acquiring a second image comprising a representation of the catheter distal tip in the chamber; 

d) displaying a superposition of topographical information acquired in step (a) with the second image of step (c) 
to generate a displayed superimposed image comprising representations of the topographical information and the 
catheter distal tip; 

e) acquiring condition information at an acquisition point on the chamber with the condition sensor, the acquisition 
15 point being selected from points on the displayed superimposed image of step (d) proximate the topographical 

information; 

f) repeating step (e) at one or more additional acquisition points, the points being sufficient in number and spacing 
throughout the chamber to permit the generation of a survey map of the condition in the chamber. 

20 [0010] In a preferred embodiment, the method of the invention comprises the steps of: 

a) acquiring a first, contrast-assisted fluoroscopic image of the chamber; 

b) creating a contour image of the interior of the chamber from the contrast-assisted fluoroscopic image; 

c) advancing the distal tip of the catheter into the chamber; 

25 d) acquiring a second, non-contrast-assisted fluoroscopic image comprising a representation of the catheter distal 
tip in the chamber. The first image and the second image are acquired from a common projection relative to the 
subject; 

e) displaying a superposition of the contour image of step (b) with the fluoroscopic image of step (d) to generate 
a superimposed image; 

30 f) acquiring condition information at an acquisition point on the chamber with the condition sensor, the acquisition 

point being selected from points on the displayed superimposed image of step (e) proximate the topographical 
information; 

g) repeating step (f) one or more times at one or more additional acquisition points, the points being sufficient in 
number and spacing throughout the chamber to permit the generation of a survey map of the condition in the 

35 chamber. 

[0011] In another preferred embodiment, the method of the invention comprises the steps of: 

a) acquiring a first, contrast-assisted fluoroscopic image of the chamber, the first, contrast-assisted fluoroscopic 
40 image being acquired from a first projection relative to the subject; 

b) creating a first contour image of the interior of the chamber from the first contrast-assisted fluoroscopic image; 

c) acquiring a second, contrast-assisted fluoroscopic image of the chamber, the second, contrast-assisted fluor- 
oscopic image being acquired from a second projection relative to the subject; 

d) creating a second contour image of the interior of the chamber from the second contrast-assisted fluoroscopic 
45 image; 

e) advancing the distal tip of the catheter into the chamber; 

f) acquiring a first non-contrast-assisted fluoroscopic image comprising a representation of the catheter distal tip 
in the chamber, the first non-contrast-assisted fluoroscopic image being acquired from the first projection relative 
to the subject; 

so g) displaying a superposition of the first contour image of step (b) with the first non-contrast-assisted fluoroscopic 
image of step (f) to generate a first superimposed image; 

h) acquiring the condition information at an acquisition point on the chamber with the condition sensor, the acqui- 
sition point being selected from points on the displayed superimposed image of step (g) proximate the first contour 
image; 

55 j) acquiring a second non-contrast-assisted fluoroscopic image comprising a representation of the catheter distal 
tip in the chamber, the second non-contrast-assisted fluoroscopic image being acquired from the second projection 
relative to the subject; 

j) displaying a superposition of the second contour image of step (d) with the second non-contrast-assisted fluor- 
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oscopic image of step (i) to generate a second superimposed image; 

k) acquiring the condition information at an acquisition point on the chamber with the condition sensor, the acqui- 
sition point being selected from points on the displayed superimposed image of step G) proximate the second 
contour image; 

5 I) repeating steps (h) and (k) at one or more additional acquisition points, the points being sufficient in number and 

spacing throughout the chamber to permit the generation of a survey map of the condition in the chamber. 

[001 2] I n another preferred embodiment, the method of the invention further comprises the step of marking the display 
of the superimposed image to identify the points on the chamber on which the condition information was acquired. 
w [0013] The invention is also directed to apparatus for intracardiac surveying a condition of a chamber of a heart of 
a subject. The apparatus of the invention comprises: 

a) means for displaying a superposition of topographical information from a first acquired image with a second 
image; and 

is b) means for acquiring condition information at a number of points in the chamber, the points being sufficient in 
number and spacing throughout the chamber to permit the generation of a survey map of the condition in the 
chamber. 

[0014] In a preferred embodiment, the apparatus of the invention further comprises means for marking the display 
20 to identify the points in the chamber at which the condition information was acquired. 

[0015] In another preferred embodiment, the apparatus of the invention further comprises means for generating the 
topographical information from the first image. 

[0016] It is an aim of the invention to provide a method for surveying a condition of a chamber of the heart to permit 
the generation of a preliminary map of the condition in the chamber. 
25 [001 7] It is another aim of the invention to provide a method for surveying a chamber of the heart that avoids collection 
of data localized in only a portion of the sampling volume. 

[0018] It is another aim of the invention to provide a method for surveying the condition of a chamber of the heart to 
permit the reconstruction of detailed maps that enable more accurate diagnosis and treatment of the heart. 
[0019] It is another aim of the invention to provide a method for surveying a chamber of the heart that reduces the 
30 likelihood of injury to heart tissue during sampling of the condition data. 

[0020] It is another aim of the invention to provide a method for surveying a condition of a chamber of the heart that 
minimizes the adverse effects of ionizing radiation during collection of the survey data. 

[0021] It is another aim ofthe invention to provide a method for surveying a condition of a chamber of the heart that 
provides the capability to mark the displayed information to indicate the points on the heart at which such information 
35 was acquired. 

[0022] It is another aim of the invention to provide an apparatus to survey the condition of a chamber of the heart in 
a process that possesses the above-enumerated attributes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

40 

[0023] 

Fig, 1 is an LV-gram image of the left ventricle of a human heart taken from the right anterior oblique (RAO) 
projection; 

45 Fig. 2 is a fluoroscopic image of a catheter located in the heart of Fig. 1 taken from the RAO projection; 

Fig. 3 is the LV-gram of Fig. 1 in which a contour image has been created about the interior of the left ventricle; 
Fig. 4 is the extracted contour image of Fig. 3; 

Fig. 5 is a superposition of the contour image of Fig. 4 and the fluoroscopic image of Fig. 2: 
Fig. 6 is the image of Fig. 5 in which the display was marked to indicate points in the chamber from which condition 
so information was acquired; 

Fig. 7 is equivalent to the image of Fig. 6 taken from the left anterior oblique (LAO) projection; 

Fig. 8 is a representation of an algorithm used to automatically find a catheter tip in a displayed image; and 

Fig. 9 shows an apparatus for performing the method of the invention. 

55 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0024] The present invention is directed to methods and apparatus for intracardiac surveying a condition of a cham- 
ber of a heart of a subject. The method and apparatus of the invention are amenable to surveying the condition of any 
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of the heart's chambers, but they are particularly useful in surveying, the condition of the left ventricle of the heart. 
[0025] The method and apparatus of the invention may be used to survey one or more conditions or properties of 
the tissue comprising the chambers of the heart. As used herein, the term "condition" refers to either a scalar or a 
vector quantity, and may comprise, for example, an electrical property, a temperature, a pressure, a pH, a measure of 
5 local heart movement or any other condition or combination thereof. The method and apparatus of the invention are 
especially useful for surveying electrical properties of a heart chamber, including but not limited to voltage, impedance, 
conduction velocity and local activation time (LAT). 

[0026] As used herein, the term "survey" refers to the collection of data as to the condition of the chamber at repre- 
sentative points throughout the chamber. The condition information may be collected individually, or it may be collected 

10 together with position information so that each data point would reflect the condition information at a given three di- 
mensional coordinate within the chamber. If many points are sampled during the survey, the survey may be useful in 
providing a comprehensive representation of the condition information throughout the heart chamber. Alternatively, the 
survey may be preliminary, in which relatively few points are sampled around the chamber. However, even in the case 
of a preliminary survey, if the points are sufficient in number and in distribution around the chamber, the resultant data 

'5 may be used for establishing a "boundary map" of the chamber, the detailed state of which may be determined using 
subsequent more comprehensive sampling. The method and apparatus of the invention are especially useful for con- 
ducting such preliminary surveys. 

[0027] The invention will now be described in terms of a method and apparatus for measuring the electrical properties 
of the heart. However, it will be understood that using the appropriate sensors, the method is equally applicable to 

20 measuring any of the above-enumerated conditions. 

[0028] The condition of the heart chamber is measured by one or more sensors contained at or proximate the distal 
tip of a catheter which is advanced into the chamber being surveyed. In the case of a catheter having a single condition 
sensor, the sensor is preferably contained at the catheter distal tip. Using such a single condition sensor catheter in 
the method of the invention, the condition information of the tissue in the chamber is sensed and acquired on a point- 

25 by-basis. The condition at any point in the chamber is determined by advancing the catheter to that point, preferably 
contacting the tissue at that point with the sensor contained at the catheter distal tip, and acquiring the condition 
information over some time period. Typically, the data at each point are acquired as a function of time for one or more 
cardiac cycles. The data are then stored in computer memory for future use, as, for example, in the construction of a 
two or three dimensional map which graphically depicts the measured condition over all or a portion of the chamber. 

30 [0029] Catheters used in the method and apparatus of the invention may have more than one condition sensor 
contained therein. Catheters containing multiple sensors that may be useful in characterizing the electrical properties 
the heart tissue are described, for example in U.S. patents 5,409,000; 5,588,432; 5,931 .863; 5,931 ,835; and 5,921 ,924, 
which are hereby incorporated in their entirety by reference. The use of multi-sensor catheters in the method and 
apparatus of the invention permit the simultaneous measurement of condition information at multiple points in the heart 

35 chamber, which can potentially decrease the time required for assessing the overall condition of the heart chamber. 
[0030] The catheter used in the method and apparatus of the invention preferably further comprises one or more 
sensors proximate its distal tip that may be used to accurately measure the position and or the orientation of the catheter 
tip in the body, particularly, in the heart of the subject. The position sensor may, for example, operate by sensing or 
transmitting acoustic, magnetic or electromagnetic fields. An electromagnetic field sensor is preferred as a position 

40 sensor. Preferably, position information is sensed by the position sensors and acquired simultaneous with the sensing 
of condition information by the condition sensor. Catheters having sensors capable of use in measuring both electrical 
properties of the heart tissue as well as the location of the catheter tip are described for example in PCT application 
W096/05768, which are hereby incorporated in their entirety by reference. By way of example, the NAVI-STAR™ 
catheter, available from Biosense- Webster, Inc. of Diamond Bar, California, is a catheter having both electrical condition 

45 and position sensors contained therein that may be useful in practicing the method of the present invention. 

[0031] The catheter used in the method and apparatus of the invention may further comprise means for effecting 
therapies to the tissue comprising the heart chamber. For example, endocardial ablation is well known in the art as a 
therapeutic technique for correcting cardiac arrhythmia. Such therapy may, for example, be effected by delivering 
radiofrequency energy to the diseased tissue from an electrode contained on the catheter distal tip. 

50 [0032] The method of the invention broadly comprises the following steps: 

a) acquiring a first image of the chamber which contains topographical information of the chamber: 

b) advancing the distal tip of the catheter into the chamber; 

c) acquiring a second image comprising a representation of the catheter distal tip in the chamber; 

55 d) displaying a superposition of topographical information acquired in step (a) with the second image of step (c) 
to generate a displayed superimposed image comprising representations of the topographical information and the 
catheter distal tip; 

e) acquiring condition information at an acquisition point on the chamber with the condition sensor, the acquisition 
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point being selected from points on the displayed superimposed image of step (d) proximate the topographical 
information; 

f) repeating step (e) at one or more additional acquisition points, the points being sufficient in number and spacing 
throughout the chamber to permit the generation of a survey map of the condition in the chamber. 

5 

[0033] The first step in the method of the invention is to acquire a first image of the heart chamber that contains 
topographical information. The topographical features typically depicted in the image include the boundary or contour 
of the interior of the chamber, although other topographical or pathological features may also be depicted. Exemplary 
imaging modalities that may be used to acquire the first image include single photon emission computerized tomography 

10 (SPECT), positron emission tomography (PET), two or three dimensional echo cardiography, magnetic resonance 
imaging (MRI), computerized tomography (CT) and fluoroscopy. Some of these modalities, e.g., fluoroscopy, may 
require the injection of a contrast agent into the blood stream or into the chamber to visualize the topographical features 
of the chamber. Due to the fact that fluoroscopy is a commonly found imaging modality in catheterization laboratories, 
contrast-assisted fluoroscopy is the preferred imaging modality for acquiring the first image containing topographical 

15 information in the method of the invention. 

[0034] In the case of contrast-assisted fluoroscopy, and perhaps with other imaging modalities, the first image of the 
chamber containing topographical information is acquired dynamically, i.e., sequential images are acquired after in- 
jection of the contrast agent. Sequential images are acquired for at least one and preferably several cardiac cycles. In 
effect, a multiple frame "moving picture" of the chamber is acquired. In some applications of the method of the invention, 

20 it is preferable to select a single frame of the dynamically acquired image for subsequent use in the method of the 
invention. For these applications, the single frame corresponding to the end-diastole portion of the cardiac cycle is 
preferred. On the other hand, any other frame may be selected, provided that it is used consistently for extraction of 
the contour as well as subsequent display of images containing representations of the catheter tip. 
[0035] The end diastole point in the cardiac cycle is the point at which the ventricles are maximally dilated immediately 

25 prior to contraction. The frame corresponding to or depicting the chamber in end diastole may be selected by a variety 
of methods. The frames may be viewed manually and the end diastole frame may be selected as the frame just prior 
to the ventricular contraction. Alternatively, the end diastole frame may be determined automatically using image 
processing techniques. For example, the boundary or contour of the chamber in each frame may be extracted using 
an algorithm such as snakes. The frame whose contour bounds the maximum area corresponds to the end diastole 

30 frame. Alternatively, the frame corresponding to end diastole may be correlated with the body surface electrocardiogram 
(ECG). Specifically, the end diastole frame may be defined by a particular feature of the QRS wave of the body surface 
ECG. 

[0036] In the case in which the left ventricle (LV) is the object of the study, the first image preferably comprises a 
contrast-assisted fluoroscopy image of the left ventricle, commonly referred to as an LV-gram. An LV-gram image of 
35 the a human heart showing the ventricle in end diastole, taken from the right anterior oblique (RAO) projection, is 
shown in Fig. 1 . As seen in Fig. 1 , the dark area 1 1 depicts the interior of the left ventricle filled with contrast agent. As 
the ventricle is completely filled with contrast agent, the topographical features of the ventricle, i.e., the ventricle border 
or contour 12, is clearly visible in the LV-gram. 

[0037] After the catheter comprising the condition sensor is advanced into the heart chamber being surveyed, the 
40 next step in the method of the invention involves acquiring a second image of the chamber showing the catheter 
contained therein. The second image may be acquired using one of a variety of imaging modalities, for example, 
fluoroscopy, echo cardiography, MRI or CT. Once again, due to the ubiquitous nature of fluoroscopy in the catheteri- 
zation laboratory, fluoroscopy is the preferred modality for obtaining the second image in the method of the invention. 
Fig. 2 shows a fluoroscopic image of the heart of Fig. 1 taken from an RAO projection. The image in Fig. 2 shows the 
« catheter 21 having distal tip 22 with an electrical sensor 23 contained therein. As shown in Fig. 2, however, the non- 
contrast-assisted fluoroscopic image is not particularly helpful in providing readily discernible visual guidance as to the 
internal ventricle-walls. Furthermore, the fluoroscopic image extends to the epicardium. Accordingly, sampling the 
condition information at the endocardium under fluoroscopic guidance alone may lead to incomplete sampling in only 
a portion of the heart chamber and may be less informative in terms of identifying sampling points on the endocardial 
so wall. 

[0038] The next step in practicing the method of the invention involves displaying a superposition of the topographical 
information from the first image with the second image comprising a representation of the catheter distal tip 22. In the 
practice of the method of the invention using dynamically acquired imaging modalities, a variety of superpositions may 
be performed in displaying the topographical information together with the image showing the catheter tip 22. In the 
55 case of contrast-assisted fluoroscopy as the modality for acquiring the first image containing topographical information 
of the chamber, the contrast-assisted image is dynamically acquired. Accordingly, either a dynamic moving image of 
the chamber or a static image at a single point in the cardiac cycle may be used in the displayed superposition. Likewise, 
non-contrast assisted fluoroscopy used to image the catheter tip 22 in the chamber is also dynamically acquired, so 
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that either a dynamic or static image showing the catheter tip may be used. 

[0039] The purpose of creating the superposed displayed image is two-fold. First, to facilitate the guidance of the 
catheter tip 22 to the wall of the chamber under examination, and second, to provide a visualization that will permit the 
cardiologist to acquire data at representative points throughout the chamber. Mere superposition of the images of Fig. 

5 11 and Fig. 2 would be inadequate to serve these purposes, since the dark area of the LV-gram of Fig. 1 showing the 
interior of the left ventricle would completely obscure the image of the catheter tip 22. Accordingly, it is desirable to 
extract or derive the contour information from Fig. 1 prior to superposition with the image of Fig. 2. 
[0040] Figure 3 is an LV-gram image of the ventricle shown in Fig. 1 in which contour image 31 has been created 
about the contour of the interior wall of ventricle 1 1 . The contour image may be created, for example, in one of three 

10 ways: 

[0041] A. Manual Creation of Contour Image - The contrast-assisted image is imported into a drawing program and 
a continuous contour image is manually traced around the entire ventricle contour using the drawing program drawing 
tool by manually dragging the mouse pointer or a similar pointing device completely around the contour. Alternatively, 
the contrast-assisted image may be manually marked at discrete points with the drawing tool and the contour may be 

15 interpolated between these points, using splines, for example. 

[0042] B. Automatic Creation of Contour Image - The contour image is created and extracted automatically using a 
contour extraction algorithm such as snakes. Snakes were originally proposed as a regularization approach for locating 
contours (see M. Kass, A. Witkin & D. Terzopoulos, "Snakes: Active Contour Models," Proceedings of First International 
Conference Vision, 1998, pp. 259-269 and D. Terzopoulos, "Regularization of Inverse Visual Problems Involving Dis- 

20 continuities," IEEE Trans. Pat Anal. Mach. Intel!., vol. PAMI-8, no. 4. 1 998, pp. 413-424). 

[0043] The contour V may be represented as an ordered set of points, V = [v t , v 2 vj wherein each V| is defined 

by a pair of (x, y) coordinates. A snake can be either closed or open, depending on whether the end points are con- 
nected. In the present invention, we preferably use closed snakes. 

[0044] We denote two functional E jnt and E ext , E jnl (Vj) imposes continuity and smoothness constraints, wherein E ext 
25 (V|) attracts the snake to salient image features, for example, the magnitude of the intensity gradient. We seek to 
minimize both E inl and E exl . Minimizing both functional via the snake then turns the boundary extraction problem into 
the following energy minimization problem: 



V, =argmm^A # .£ iB1 (v l .)+(l.^ i )£ w ,(v < .) (l) 



wherein \ f e [0,1] is a tradeoff parameter. Setting A. to 0 means that we minimize only the E ext component of the 
35 equation. Setting X to 1 means minimizing only the E int component. Intermediate Xs result in a tradeoff of E jnt vs. E ext . 
[0045] The X parameter may be found empirically or by a parametric selection strategy based on the m/n/maxcriterion 
(see H. Freeman, "Computer processing of Line Drawing Images." Computer Survey 6, 1974, pp. 57-98). 
[0046] In the original formulation, the internal energy E jnt was defined by the first and the second derivatives along 
the boundary, giving the snake rubber-sheet and thin-plate like behavior respectively, and is approximated by 

40 

^m. (v/) = ||v f - v fc1 || 2 + ||v M - 2V, + v f+1 || 2 

[0047] Alternatively, E jm (Vj) and E^ty) may be defined in different ways, for example, as described by K. F. Lai & 
« r. t. Chin, in "Deformable Contours: Modeling and Extraction", PAMI-17, No. 11, November 1995, pp. 1084-1090. 
[0048] C. Semiautomatic Creation of Contour Image - In one variation of the semiautomatic method, the physician 
is presented with a snakes contour for acceptance or rejection. Rejection of the contour results in further processing 
leading to the presentation of another possible contour. This continues until the physician accepts the contour image. 
Alternatively, a modified snakes algorithm may be employed which forces the contour image to one or more points 
50 pre-selected by the user. 

[0049] The contour image 31 so produced, extracted from the LV-gram, is shown in Fig. 4. The x, y coordinates of 
the extracted contour image are preferably stored in computer memory for use in displaying the superposition of top- 
ographical information and the image showing the catheter tip 22. 

[0050] As indicated previously, the contour information and the image showing the catheter tip 22 may be either 
55 dynamic or static. The contour 31 and catheter tip 22 information may be superimposed, for example, in the following 
ways: 
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A. Static Contour Image On Static Catheter Tip Image 

[0051] A static contour image is acquired from a dynamic image by one of the hereinabove described methods, e. 
g., the end diastole frame is acquired by synchronization with the body surface ECG signal. The fluoroscopy image 
5 showing the catheter tip 22 is also gated to show the same frame as that selected for the contour image. The super- 
position of the contour image on the image showing the catheter tip 22 is effected by changing the color or intensity 
of the pixels corresponding to the stored contour image in the image showing the catheter tip 22. 

B. Static Contour (mage On Dynamic Catheter Tip Image 

10 ~ ^ ' * ' ~ " ' ' - ~ ~ ~ 

[0052] The static contour image as hereinabove described is superimposed on a dynamic image of the catheter tip 
22 in the heart. In this case, the pixel color or intensity of each frame of the dynamic fluoroscopy image is processed 
as described above to show the contour image 31 of the chamber 11 . 

15 C. Dynamic Contour Image on Dynamic Catheter Tip Image 

[0053] Rather than selecting a single frame of the contrast-assisted image, the entire sequence is processed to 
extract the contour of each frame. The stored contours are then synchronized with the live dynamic images of the 
chamber 1 1 and catheter tip 22 and each frame of the live images is processed to adjust pixel color or intensity corre- 
20 sponding to the contour at that point in the cardiac cycle. 

[0054] The resultant processed images showing the contour and the catheter tip 22 are shown on the display. Fig. 
5 is a photograph of the displayed superposition of contour image 31 of Fig. 4 with the fluoroscopic image showing a 
portion of catheter 21 and catheter tip 22 of Fig. 2. 

[0055] Since the first image containing the topographical information (Fig. 1) and the second image showing the 
25 catheter tip 22 (Fig. 2) were both acquired using the same imaging modality (fluoroscopy) and from the same projection 
(RAO), contour image 31 in the displayed superimposed image represents points on the interior wall of the chamber 
11. Accordingly, in order to acquire condition information concerning the tissue of the chamber, the cardiologist ad- 
vances the catheter tip 22 under the guidance of the displayed superimposed image of Fig. 5 to an acquisition point 
shown on the displayed image as being on or proximate to boundary image 31 . At this acquisition point, the catheter 
30 tip 22 is in contact with or proximate to the chamber wall, and condition information, preferably together with location 
information, may be acquired. While viewing the displayed superimposed image, the cardiologist may acquire the 
condition and/or position information by activation of a foot pedal, for example, which instructs the computer to initiate 
data acquisition. Condition and/or position information are preferably acquired repetitively at each point on the wall of 
the cardiac chamber for at least one and preferably more than one complete cardiac cycle. Data are preferably acquired 
35 at a frequency of at least about 10 per second, more preferably, at a frequency of at least about 20 per second, and 
most preferably, at a frequency of at least about 50 per second. 

[0056] After acquiring data at the first acquisition point, the cardiologist acquires subsequent data by advancing the 
catheter tip 22 to successive points in the chamber, such points being shown in the displayed superimposed image as 
being on or proximate to the contour image. The total number of data points acquired is a function of the intended 
40 purpose of the survey. If only a preliminary survey is being conducted in order to define the boundary of the chamber 
for another guidance or navigation technique, at least 3 and preferably at least 5 points should be acquired under the 
guidance of the displayed superimposed image. 

[0057] As described herein, the first image containing topographical information and the second image containing a 
representation of the catheter tip 22 are preferably acquired using the same imaging modality, i.e., fluoroscopy. Fur- 

45 thermore, both images are preferably acquired in the same projection, i.e., the images of Fig. 1 and Fig. 2 were both 
acquired in the RAO projection. Acquiring both images using the same modality and using the same projection is 
preferred because this eliminates the need to register the images. Alternatively, the first and second images may be 
acquired using different imaging modalities and/or from different projections. However, such images would require 
registration during superposition if the displayed superposed image is to serve as a guide for the chamber contour. 

so [0058] To assist the cardiologist in acquiring representative condition information throughout the entire chamber, the 
method of the invention preferably comprises marking the display at the points at which condition information is ac- 
quired. This capability provides the cardiologist with a visual indication of all of the points or sites on the cardiac wall 
at which information was acquired, and helps guide the cardiologist to sites where sampling is still required. 
[0059] The display is preferably marked automatically when means such as the foot pedal is activated to initiate data 

55 acquisition. The position of the catheter tip 22 in the display is preferably located automatically by the following algo- 
rithm. The catheter tip location algorithm is based on the following assumptions: 

1) The catheter tip 22 is visualized as dark on the image; 
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2) The greatest contrast in the displayed superimposed image occurs between the catheter tip 22 and its surround- 
ings; and 

3) The size of the catheter tip 22 may be fixed in the analysis of all images. 

s [0060] The algorithm may be understood by reference to Fig. 8, in which the catheter tip 22 is approximated by a 
fixed geometric shape of a given size, for example square 81 in Fig. 8. Each square is of the same size, between about 
10 to about 20 pixels. To test whether the catheter tip is visualized in square 81, the average intensity of the pixels 
comprising square 81 is computed. Similarly, the average intensity is evaluated for the pixels comprising the four 
squares, 82, 83, 84 and 85 surrounding square 81 . The contrast between square 81 and its neighbors 82, 83, 84 and 

10 85 is the difference in average intensity between square 81 and the average intensity of squares 82, 83, 84 and 85. 
This calculation is iterated about all pixels in the image. The catheter tip location is attributed to the square having the 
maximum contrast or intensity difference with its surroundings. 

[0061] Marking the display helps the cardiologist to avoid missing regions of the heart if the objective is to survey 
the chamber as a whole. Marking the display to indicate the data acquisition sites also permits the cardiologist to return 

is to a visited site, for example, to confirm previously sampled condition information. 

[0062] The displayed superimposed image may be marked with a geometric symbol for example (e.g., a square, 
circle, etc.) to depict each point at which condition information was acquired. Alternatively, the display may be marked 
with a number or color representative of the magnitude of the condition information acquired at that point. The display 
may be marked, for example, by instructing the computer to mark the display with the position of the catheter tip when 

20 the foot pedal which initiates data acquisition is activated. Alternatively, the cardiologist may be provided with marking 
means which allows the selection of which of the acquired points are to be marked on the displayed superimposed 
image. 

[0063] Fig. 6 depicts the displayed superimposed image of Fig. 5 in which geometric symbols 61 have been marked 
on the displayed image corresponding to the points in the chamber at which condition information was acquired. 

25 [0064] The topographic information used in the method of the invention as heretofore described is two dimensional 
in nature. Accordingly, the contour image used in the displayed superimposed image only represents points on the 
interior wall of the heart chamber in a single plane. If the objective of the survey is a more comprehensive character- 
ization of the heart chamber, it may be preferable to perform the method of the invention using images acquired from 
a plurality of projections. Briefly, the method of the invention in which image and condition information are acquired 

30 from two projections using fluoroscopy, the preferred imaging modality, comprises the steps of: 

a) acquiring a first, contrast-assisted fluoroscopic image of the chamber, the first, contrast-assisted fluoroscopic 
image being acquired from a first projection relative to the subject; 

b) creating a first contour image of the interior of the chamber from the first contrast-assisted fluoroscopic image; 
35 c) acquiring a second, contrast-assisted fluoroscopic image of the chamber, the second, contrast-assisted fluor- 
oscopic image being acquired from a second projection relative to the subject; 

d) creating a second contour image of the interior of the chamber from the second contrast-assisted fluoroscopic 
image; 

e) advancing the distal tip of the catheter into the chamber; 

40 f) acquiring a first non-contrast-assisted fluoroscopic image comprising a representation of the catheter distal tip 
in the chamber, the first non -contrast-assisted fluoroscopic image being acquired from the first projection relative 
to the subject; 

g) displaying a superposition of the first contour image of step (b) with the first non-contrast-assisted fluoroscopic 
image of step (f) to generate a first superimposed image; 
45 h) acquiring the condition information at an acquisition point on the chamber with the condition sensor, the acqui- 

sition point being selected from points on the first superimposed image of step (g) proximate the first contour image; 
i) acquiring a second non-contrast-assisted fluoroscopic image comprising a representation of the catheter distal 
tip in the chamber, the second non-contrast-assisted fluoroscopic image being acquired from the second projection 
relative to the subject; 

50 j) displaying a superposition of the second contour image of step (d) with the second non-contrast-assisted fluor- 
oscopic image of step (i) to generate a second superimposed image; 

k) acquiring the condition information at an acquisition point on the chamber with the condition sensor, the acqui- 
sition point being selected from points on the second superimposed image of step (j) proximate the second contour 
image; 

55 i) repeating steps (h) and (k) at one or more additional acquisition points, the points being sufficient in number and 
spacing throughout the chamber to permit the generation of a survey map of the condition in the chamber. 

[0065] Preferably, all of the data acquired under the guidance of one of the displayed superimposed images is col- 
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lected before collecting data under the guidance of the second displayed superimposed image. 
[0066] If only a preliminary survey is being conducted in order to define the boundary of the chamber for another 
guidance or navigation technique, at least 3 and preferably at least 5 points should be acquired under the guidance of 
each of the displayed superimposed images. 

5 [0067] As hereinabove described, the method of the invention preferably further comprises marking the points 61 
on the superimposed image at which condition information was acquired. Fig. 7 shows a marked superposition of the 
contour and fluoroscopy images of the left ventricle shown in Fig. 1-6 in which the images were acquired in a left 
anterior oblique (LAO) projection. Sampling the condition of the chamber from multiple projections is expected to in- 
crease the accuracy of a preliminary map of the heart chamber based on the data.. 

10 [0068] If the method of the invention is practiced with a catheter containing a sensor for obtaining position information, 
each data point of condition information obtained via the condition sensor may be accompanied by a three dimensional 
coordinate of the tissue at which the data point was obtained. The resulting survey data of condition and position 
information obtained by the practice of the method of the invention is especially useful for the creation of maps, espe- 
cially 3-dimensional maps of the heart. Methods of creating such maps are disclosed in EP-A-0974936 and commonly 

is owned European patent application No. 00306218.9 filed on 21st July 2000, which are incorporated herein in their 
entirety by reference. The method of the invention further optionally comprises the step of creating a map of the condition 
of the heart based on the position and condition information obtained from the practice of the method of the invention. 
[0069] Fig. 9 shows a preferred apparatus for carrying out the method of the invention. The apparatus comprises 
catheter 21 for insertion into the human body. Distal end 24 of catheter 21 includes a functional portion 23 for performing 

20 diagnostic and/or therapeutic functions, adjacent to distal tip 22. Functional portion 23 preferably comprises electrodes 
or sensors for performing electrophysiological measurements, as described, for example, in U.S. patent 5,391 ,199 or 
in PCT application W097/24983, which are incorporated herein by reference. Alternatively or additionally, functional 
portion 23 may include other diagnostic apparatus for recording parameter values at points within the body. Functional 
portion 23 may also include therapeutic apparatus as known in the art. 

25 [0070] Distal end 22 further preferably includes a sensor 28 that generates signals used to determine the position, 
and, preferably, the orientation of the catheter within the body. Sensor 28 is preferably adjacent to functional portion 
23 in a fixed relation with tip 22. Sensor 28 preferably comprises three coils, such as described in PCT application 
WO96/05768, which is incorporated herein in its entirety by reference. This sensor enables continuous generation of 
six dimensions of position and orientation information with respect to externally applied magnetic fields. Alternatively, 

30 sensor 28 may comprise other position and/or coordinate sensors as described in U.S. patent 5,391,199, U.S. 
5.443,489 and PCT application W094/04938 which are incorporated herein by reference. Further, tip 22 may be coated 
with an opaque marking material to visualize the tip under an imaging apparatus such as a fluoroscope. 
[0071] Catheter 21 preferably includes a handle 30, having controls 32 which are used to steer distal end 24 of 
catheter 21 in a desired direction. Catheter 21 preferably comprises a steering mechanism in distal end 24 as is known 

35 in the art to facilitate repositioning of tip 22. 

[0072] Catheter 21 is coupled via an extension cable 25 to a console 34 which enables the user to observe and 
regulate the function of catheter 21 . Console 34 preferably includes a computer 36, keyboard 38, signal processing 
circuitry 40, which are typically inside computer 36, and display 42. Signal processing circuits 40 typically receive, 
amplify, filter and digitize signals from catheter 21 , including signals from sensor 28 and functional portion 23, where- 

40 upon these digitized signals are used by computer 36 to compute the condition information and the position and/or 
orientation of catheter tip 22. Alternatively, appropriate circuitry may be associated with catheter 21 itself so that circuits 
40 receive signals that are already amplified, filtered and/or digitized. Preferably, computer 36 includes a memory for 
storing position and condition information. Computer 36 also comprises means for capturing images from an imaging 
modality either using a video or a DICOM protocol interface. Computer 36 preferably further comprises dedicated 

45 graphics hardware for rapidly extracting topographical information and for superposition of topographical images with 
other images displaying catheter tip 22 in the body. Images containing contour information, images showing the catheter 
tip 22 and superpositions of these images are displayed on display 42. Preferably, the computer is equipped to receive 
body surface ECG signals from ECG monitor 73 which is connected to a plurality of ECG body surface leads 52. 
Alternatively, ECG monitoring may also be conducted directly by circuits 40. 

so [0073] Although this invention has been described in connection with its most preferred embodiments, it will become 
readily apparent to those reviewing this detailed specification that numerous additional embodiments fall well within 
the scope and spirit of the claimed invention as set forth in the claims which appear below. 



55 Claims 

1 . A method for intracardiac surveying a condition of a chamber of a heart of a subject with a catheter having a distal 
tip, said catheter distal tip having a condition sensor contained therein or proximate thereto, said condition sensor 
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being capable of sensing condition information of said chamber, said method comprising the steps of: 

a) acquiring a first image of said chamber, said first image containing topographical information of said cham- 
ber; 

b) advancing the distal tip of the catheter into the chamber; 

c) acquiring a second image comprising a representation of said catheter distal tip in said chamber; 

d) displaying a superposition of topographical information acquired in step (a) with the second image of step 
(c) to generate a displayed superimposed image comprising representations of said topographical information 
and said catheter distal tip; 

e) acquiring said condition information at an acquisition point on said chamber with said condition sensor, said 
acquisition point being selected from points on said displayed superimposed image of step (d) proximate said 
topographical information; 

f) repeating step (e) at one or more additional acquisition points, said points being sufficient in number and 
spacing throughout the chamber to permit the generation of a survey map of said condition in said chamber. 

A method for intracardiac surveying a condition of a chamber of a heart of a subject with a catheter having a distal 
tip, said catheter distal tip having a condition sensor contained therein or proximate thereto, said condition sensor 
being capable of sensing condition information of said chamber, said method comprising the steps of: 

a) acquiring a first, contrast-assisted fluoroscopic image of said chamber; 

b) creating a contour image of the interior of said chamber from said contrast-assisted fluoroscopic image; 

c) advancing the distal tip of the catheter into the chamber; 

d) acquiring a second, non -contrast-assisted fluoroscopic image comprising a representation of said catheter 
distal tip in said chamber, said first image and said second image being acquired from a common projection 
relative to said subject; 

e) displaying a superposition of the contour image of step (b) with the fluoroscopic image of step (d) to generate 
a superimposed image; 

f) acquiring said condition information at an acquisition point on said chamber with said condition sensor, said 
acquisition point being selected from points on said displayed superimposed image of step (e) proximate said 
contour image; 

g) repeating step (0 one or more times at one or more additional acquisition points, said points being sufficient 
in number and spacing throughout the chamber to permit the generation of a survey map of said condition in 
said chamber. 

A method for intracardiac surveying a condition of a chamber of a heart of a subject with a catheter having a distal 
tip, said catheter distal tip having a condition sensor contained therein or proximate thereto, said condition sensor 
being capable of sensing condition information of said chamber, said method comprising the steps of: 

a) acquiring a first, contrast-assisted fluoroscopic image of said chamber, said first, contrast-assisted fluoro- 
scopic image being acquired from a first projection relative to said subject; 

b) creating a first contour image of the interior of said chamber from said first contrast-assisted fluoroscopic 
image; 

c) acquiring a second, contrast-assisted fluoroscopic image of said chamber, said second, contrast-assisted 
fluoroscopic image being acquired from a second projection relative to said subject; 

d) creating a second contour image of the interior of said chamber from said second contrast-assisted fluor- 
oscopic image; 

e) advancing the distal tip of the catheter into said chamber; 

f) acquiring a first non-contrast-assisted fluoroscopic image comprising a representation of said catheter distal 
tip in said chamber, said first non-contrast-assisted fluoroscopic image being acquired from said first projection 
relative to said subject; 

g) displaying a superposition of said first contour image of step (b) with said first non-contrast-assisted fluor- 
oscopic image of step (f) to generate a first superimposed image; 

h) acquiring said condition information at an acquisition point on said chamber with said condition sensor, said 
acquisition point being selected from points on said first displayed superimposed image of step (g) proximate 
said first contour image; 

i) acquiring a second non-contrast-assisted fluoroscopic image comprising a representation of the catheter 
distal tip in said chamber, said second non -contrast-assisted fluoroscopic image being acquired from said 
second projection relative to said subject; 
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j) displaying a superposition of said second contour image of step (d) with said second non-contrast-assisted 
fluoroscopic image of step (i) to generate a second superimposed image; 

k) acquiring said condition information at an acquisition point on said chamber with said condition sensor, said 
acquisition point being selected from points on said second displayed superimposed image of step (j) proximate 
s said second contour image; 

I) repeating steps (h) and (k) at one or more additional acquisition points, said points being sufficient in number 
and spacing throughout the chamber to permit the generation of asurvey map of said condition in said chamber. 

4. The method of claim 1 , 2 or 3 which: 

10 further comprises marking the display of the superimposed image to identify the points on the chamber at 

which said information was acquired. 

5. The method of claim 1 , 2 or 3 wherein: 

said condition is an electrical property. 

15 

6. The method of claim 1 , 2 or 3 wherein: 

said chamber is the left ventricle of the heart. 

7. The method of claim 1 , 2 or 3 wherein: 

20 said catheter further comprises a position sensor capable of sensing position information. 

8. The method of claim 7 wherein: 

said position sensor is an electromagnetic field sensor. 

25 9. The method of claim 7 wherein: 

position information and condition information are acquired at each of said acquisition points. 

10. The method of claim 11 wherein said first image is a contrast-assisted fluoroscopic image. 

30 11. The method of claim 11 wherein said second image is a fluoroscopic image. 

12. The method of claim 11 wherein said second image is acquired using an imaging modality identical to that used 
in acquiring said first image. 

35 13. Themethodofclaim 12 wherein said first image is a contrast-assisted fluoroscopic image and said second image 
is a fluoroscopic image. 

14. The method of claim 12 wherein said first image and said second image are acquired in a common projection. 

40 15. The method of claim 1 1 wherein said first image and said second image are acquired from a common projection 
relative to said subject. 

16. The method of claim 1 wherein said topographical information used in step (d) is derived from the image recorded 
in step (a). 

45 

17. The method of claim 1 6 wherein said topographical information is a contour image of said chamber. 

18. The method of claim 16 wherein said topographical information used in step (d) is derived from a single frame of 
a dynamic, contrast-assisted fluoroscopic image. 

50 

19. The method of claim 2 wherein said contour image used in step (e) is derived from a single frame of a dynamic, 
contrast-assisted fluoroscopic image. 

20. The method of claim 3 wherein each of said contour images is derived from single frames of dynamic, contrast- 
55 assisted fluoroscopic images. 

21. The method of claim 18, 19 or 20 wherein said single frame or frames correspond to the end-diastole portion of 
the cardiac cycle. 
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22. The method of claim 18, 19 or 20 wherein: 

said single frame is identified based on its correlation with an electrocardiogram of the subject. 

23. The method of claim 7 which further comprises the step of creating a map of the heart chamber from said condition 
and position information. 

24. The method of claim 3 wherein all condition information acquired at acquisition points from one of the displayed 
superimposed images is acquired before the acquisition of condition information acquired at acquisition points 
from the other displayed superimposed image. 

25. Apparatus for intracardiac surveying a condition of a chamber of a heart of a subject, said apparatus comprising: 



a) means for displaying a superposition of topographical information acquired from a first image with a second 
image; and 

is b) means for acquiring condition information at a number of points in said chamber, said points being sufficient 

in number and spacing throughout the chamber to permit the generation of a survey map of said condition in 
said chamber. 

26. The apparatus of claim 25 further comprising means for marking said displayed superposition to identify the points 
20 jn the chamber at which said information was acquired. 

27. The apparatus of claim 25 further comprising means for creating said topographical information from said first 
image. 

25 28. The apparatus of claim 27 wherein said topographical information comprises a contour of said chamber of said 
heart. 

29. The apparatus of claim 25 wherein said means for acquiring condition information comprises a catheter having a 
distal tip and a sensor contained therein, said sensor capable of sensing said condition information. 

30 

30. The apparatus of claim 29 wherein said sensor is an electrical sensor. 

31 . The apparatus of claim 29 wherein said catheter further comprises a position sensor. 

35 32. The apparatus of claim 31 wherein said position sensor is an electromagnetic position sensor. 



40 
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FIG. 1 
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FIG. 3 
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FIG. 5 
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FIG. 7 
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